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Abstract
Many works have shown that the enhanced susceptibility to infection seen in
diabetic patients can be related to the hyperglycemia–hypoinsulinemia (HH)
observed in this condition. Herein, we evaluated the HH effects on the morpho-
functional features of the thymus as well as on dermatophytic infection. We
demonstrated that, not only the HH condition but also the dermatophytic
infection induced transitory alterations in the thymus; it was characterized by loss
of cortical–medullar definition and disorganization of the extracellular matrix.
These mice also showed a decrease of CD41CD81 thymocytes and a higher
percentage of CD41CD81 lymphocytes in the peripheral blood. After 7 days, the
thymus and peripheral lymphocytes subsets returned to normal values. Interest-
ingly, when the two conditions, HH condition and the infection, were associated,
the mice showed a decrease in the percentage of CD41CD8 blood lymphocytes
that are involved in the modulation of immune response and have direct cytotoxic
effects on the fungus. Taken together, our results showed that both conditions
transitorily changed the thymus, but only when both these conditions are present
do they trigger persistent changes that might be responsible for the higher
susceptibility to dermatophytosis seen in HH patients.
Introduction
It has been demonstrated that diabetic patients present
many functional abnormalities that could cause their failure
in responding properly to bacterial and mycotic infections
(Muller et al., 2005; Anjos-Valotta et al., 2006; Gupta et al.,
2007). Many of these immunological abnormalities have
been related to the blood insulin/glucose levels, i.e. hyper-
glycemia–hypoinsulinemia (HH) condition, and/or altera-
tions in the lymphatic organs (Ptak et al., 1975). In the
thymus, the diabetic condition induces severe altera-
tions, including atrophy, loss of cortico-medullary defini-
tion, increase in the extracellular matrix network, and
decrease in the expression of chemokines CCL25 and
CXCL12 (Cotta-de-Almeida et al., 2004; Barreto et al.,
2005; Nagib et al., 2010). However, longitudinal studies of
these processes have demonstrated that some of these
alterations are transitory, and their real importance in the
evolution or the progress of the infectious process still
remains unknown.
In order to contribute to a better understanding of this
phenomenon, we aimed to evaluate the effects of HH
condition on the morphofunctional features of the thymus,
as well as on a dermatophytic infection, which is a common
complication in diabetic patients (Hohaus et al., 2003;
Garcı´a-Humbrı´a et al., 2005; Garcı´a de Acevedo et al.,
2008). To our knowledge, a simultaneous examination of
the thymus and dermatophytosis in HH condition has not
been reported previously.
Materials and methods
Mice
Two-month-old male, weight-matched, Swiss mice from
the Animal House of UNESP – Univ Estadual Paulista,
FEMS Immunol Med Microbiol 62 (2011) 32–40c 2011 Federation of European Microbiological Societies
Published by Blackwell Publishing Ltd. All rights reserved
IM
M
U
N
O
LO
G
Y
 &
 M
ED
IC
A
L 
M
IC
RO
BI
O
LO
G
Y
Botucatu, SP, Brazil, were housed in groups of three to five
mice and were provided with food and water ad libitum. The
experimental protocol was performed in accordance with
the ethical principles for animal research adopted by Brazi-
lian College of Animal Experimentation (COBEA).
Experimental design
One-hundred mice were divided into four groups of 25
each: HH group, consisting of HH mice; HH-Tm group,
consisting of HH mice that were inoculated into the footpad
with Trichophyton mentagrophytes; Tm-CTL group, consist-
ing of HH-free mice that were inoculated with T. menta-
grophytes; and CTL group, consisting of control mice
without fungi and HH-free. The animals were sacrificed at
24 and 48 h and 7, 14, and 30 days (n= 5 per group).
Alloxan administration
Alloxan administration in laboratory animals selectively
destroys the insulin-producing pancreatic b-cells (Wu
et al., 2004). Mice were intravenously inoculated by alloxan
(Sigma Chemical Co., St. Louis, MO) in a single dose of
60 mg kg1 of body weight into the caudal vein. Hyperglyce-
mia was confirmed 48 h later using Accu-Check Advantage
II blood glucose test strips (Roche, Mannheim, Germany).
Only mice showing blood glucose levels 4 200 mg dL1
were considered HH and included in the experiment. The
glucose levels during the experiment were typically
400–600 mg dL1 in HH mice. Control mice (Tm-CTL and
CTL) were treated identically with a sterile saline solution
and presented serum glucose levels ranging from 90 to
130 mg dL1.
Infection
Trichophyton mentagrophytes conidia from 10-day cultures
were collected. The fungal mass was suspended in phos-
phate-buffered saline (PBS), mixed twice for 10 s on a
vortex-mixer, centrifuged, and double-washed in PBS. The
concentration was adjusted to 2.5 108 cells mL1 based on
hemocytometer counts. Viability was determined by lacto-
phenol cotton blue staining and was higher than 90%.
Immediately after the HH condition had been confirmed
by glucose serum levels, i.e. 48 h after alloxan injection, the
HH mice were inoculated with fungi (HH-Tm group). HH-
Tm and Tm-CTL groups were injected into the footpad with
1.0 107 fungi in 0.04 mL. The HH and CTL groups were
inoculated with sterile PBS into the footpad.
Collection of the biological material
Mice were killed by CO2 asphyxiation at 24 and 48 h and 7,
14, and 30 days after the inoculation. Fragments of the
footpad, popliteal lymph node, thymus, liver, spleen,
and kidney were subjected to microbiological evaluation.
Thymuses were collected for subsequent evaluation of cell
phenotype by flow cytometry and for histological analyses
by routine procedures for embedding in paraffin.
Direct organ culture
Fragments (2 2 mm) of the inoculated footpad, popliteal
lymph node, liver, spleen, and kidneys were placed on
15 90 mm Mycosel agar (Becton Dickinson, Sparks, MS)
plates at 25 1C for 14 days (Bagagli et al., 1998, modified).
The T. mentagrophytes colonies on the fragment were
counted and the results were expressed as the frequency of
T. mentagrophytes-positive organs fragments/total number
of fragments analyzed.
Thymus structural analysis
Histological sections (4mm) were stained with hematoxy-
lin–eosin and reticulin.
TdT-mediated dUTP-fluorescein nick end
labeling (TUNEL) staining
Staining with TUNEL for apoptosis detection was used. The
labeling of DNA breaks in situ was performed using the In
Situ Cell Death Detection kit, POD (Roche, Mannheim,
Germany), according to the manufacturer’s instructions.
Sections were counterstained with methyl green and exam-
ined by light microscopy. The number of apoptotic cells was
counted in 10 random fields in these sections and compared
among the groups.
Detection of galectin-3 (Gal-3)
Serial 4-mm-thick sections were mounted on silane slides
(Dako Cytomation, Carpinteria, CA). After endogenous
peroxidase blocking with 3% hydrogen peroxide in PBS,
pH 7.4, for 30 min, the slides were incubated with EDTA
buffer, pH 6.0. The slides were incubated with the primary
antibodies anti-mouse Gal-3 antibody (Santa Cruz Biotech-
nology, San Diego, CA) at 1 : 150 overnight at 4 1C. After-
wards, the samples were incubated with the LSAB System-
HRP (Dako Cytomation) according to the manufacturer’s
guidelines. Then, samples were incubated in 1 mg mL1
DAB solution (3,30-tetrahydrochloride diaminobenzidine;
Sigma Chemical Co.) in PBS, pH 7.4, plus 1% hydrogen
peroxide (Merck, Darmstadt, Germany) for 5 min. The
slides were counterstained with Harris’s hematoxylin and
mounted in Permount resin (Fisher Scientific, NJ). Between
each step, slides were washed with PBS.
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Flow cytometry
Thymocytes (1 106 cells per assay) were analyzed by flow
cytometry in a fluorescence-activated cell sorter (FACS
analyzer IFA; Becton Dickinson). The following monoclonal
antibodies were purchased from SouthernBiotech (Birming-
ham, AL): fluorescein isothiocyanate (FITC)-conjugated rat
anti-mouse CD4, phycoerythrin (PE)-conjugated rat anti-
mouse CD8a, FITC-conjugated rat IgG2a, and PE-conju-
gated rat IgG2a. The electric volume, 900 light scatter,
fluorescence 1, and fluorescence 2 of each cell have been
determined simultaneously. Forward- and side-scatter char-
acteristics were used to measure cell size and density,
respectively, for the purpose of gating out cell debris
(Fig. 1a). The total number of events collected for analysis
was at least 10 000 cells. Cell parameters have been analyzed
using contour plots. For each experiment, the percentage of
cells expressing a particular marker was determined using
nonrectangular gates and was compared with the value of a
negative control population.
Corticosterone analysis
Serum corticosterone levels have been determined using a
corticosterone radioimmunoassay kit (Cayman Chemicals,
Ann Arbor, MI), as per the manufacturer’s guidelines.
Statistical analysis
All statistical tests were accomplished using GRAPHPAD INSTAT
version 3.0 for Windows (GraphPad Software, San Diego,
CA), and the statistical significance level of 5% was estab-
lished (Po 0.05) for all analyses. The frequency of Tricho-
phyton-positive organ fragments has been determined using
contingency table analysis and Fisher’s exact test. The
comparison of two independent samples was made using
the Mann–Whitney U-test, while the comparison of more
than two independent samples was made by the Kruskal–
Wallis test (Norman & Streiner, 1994).
Results
The dermatophytic infection
The microbiological data are summarized in Table 1, where
it can be seen that the HH-Tm and Tm-CTL groups showed
a high fungal load at 24 and 48 h and day 7. However, the
fungal load remained high in HH-Tm. At day 30, Tm-CTL
mice showed expressive fungal clearance. Concerning the
fungal dissemination, we observed statistically significant
differences between HH-Tm and Tm-CLT at 24 and 48 h,
when HH-Tm mice showed a high fungal load in the spleen
and kidneys. Taken together, HH-Tm mice showed a delay
or failure in fungal clearance in the footpad and an early,
more expressive fungal dissemination when compared with
those in the control group.
Serum corticosterone
Mice from the HH, HH-Tm, and Tm-CTL groups showed
higher corticosterone serum levels than the CTL group (Fig. 2)
Thymus and HH condition
Structural evaluation
We did not observe any changes in the thymus either in the
CTL group after sterile PBS inoculation or in HH-mice in
the period between alloxan injection and confirmation of
HH condition (data not shown).
Soon after 24 h of the installation of diabetes, i.e. in the
acute stage of the condition, all HH mice showed loss of
cortico-medullar definition (Fig. 3b) and disorganization
of the extracellular matrix, with a disarranged distribution
of reticular fibers (Fig. 4d) and Gal-3 (Fig. 4f). In the CTL
group, the Gal-3 immunostaining was more highly concen-
trated in the medullar region (Fig. 4e), while in the
disorganized thymus, the staining appeared to be diffuse
(Fig. 4f). After 7 days, all thymus was recovered showing a
pattern of normality as observed in the CTL-mice (Figs 3a
and 4a, c, e).
Apoptotic index
The HH-Tm mice showed a decrease in the number of
apoptotic cells soon after the installation of diabetes. After
this period, the apoptotic index returned to normal (Fig. 5a).
Phenotype of thymocytes and lymphocytes
Figure 1 shows a representative dot plot of the phenotype of
thymocytes of mice from the CTL group (Fig. 1a) and of HH-
mice (Fig. 1b). During the initial stage of the HH condition
and in association with the structural alterations already
described, the thymus showed a decrease in CD41CD81
(double positive, DP1) thymocytes and an increase in the
percentage of CD41CD8 and CD4CD81 thymocytes. Dur-
ing this period, there was a higher percentage of DP1 cells in
the peripheral blood of these mice (Table 2). With the
progress of the HH condition, the percentage of CD41CD8
thymocytes returned to normal levels, CD4CD81 thymo-
cytes increased, and peripheral DP decreased.
Thymus and dermatophytic infection
Until day 7 of the infection, the mice showed a thymic
disorganization, with loss of the cortico-medullar delimita-
tion and reduction of the cortical region. A significant
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decrease in CD41CD81 thymocytes was detected, as well as
an increase in CD41CD8 and CD4CD81 thymocytes and
a higher percentage of DP1 blood lymphocytes. The thymic
structure and thymocytes and blood lymphocyte pheno-
types returned to normal after this period (Fig. 1b and
Table 2). During the entire experiment, no significant
Fig. 1. Kinetics of T lymphocytes subsets in the
thymus of CTL, HH, Tm-CTL, and HH-Tm groups.
(a) Representative flow cytometer dot plot of data
acquisition for the identification of thymocytes (left
panel) and example of flow cytometry dot plot
showing CD4 and CD8 surface expression by
thymocytes from CTL mice (right panel).
(b) Examples of flow cytometry dot plots showing
CD4 and CD8 surface expression by thymocytes
from HH (top panels), Tm-CTL (middle), and
HH-Tm groups (bottom) at 24 h (left) and at 7 days
(right). The numbers in the dot plots represent the
percentages of each cell population within the
square.
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differences in the apoptotic index were observed in this
group (Fig. 5b).
Thymus and dermatophytic infection in
HH-Tm mice
In mice in which these two conditions were present, some
parameters are similar to the ones observed in the HH
condition and/or in infected mice, including thymus atro-
phy and cortex-medullar disorganization, high serum levels
of corticosterone (Fig. 2a), apoptotic index (Fig. 5c),
increase of CD41CD8 and CD4CD81 thymocytes (Fig.
1b), and DP1 blood lymphocytes (Table 2). Different from
that observed in the other groups, the mice in which both
conditions were associated showed a persistently low per-
centage of CD41CD8 lymphocytes in the peripheral blood
(Table 2).
Discussion
Utilizing alloxan-induced HH mice, we demonstrated
that the HH state provides the dissemination of
T. mentagrophytes, resulting in the delay or failure in the
infection outcome. Evaluating the participation of the
thymus in this process, we have verified that in the initial
stages of the HH condition, the mice developed thymic
morphofunctional alterations that are similar to those
Table 1. Microbiological analysis of the footpad, popliteal lymph node,
liver, spleen, and kidney
Organ Groups
Infection progress
h days
24 48 7 14 30
Foot pad HH-Tm 25/25 25/25 23/25 20/25 9/25
Tm-CTL 25/25 23/25 25/25 6/25 1/25
P value – 0.490 0.490 0.028 0.033
Lymph node HH-Tm 5/5 5/5 5/5 2/5 3/5
Tm-CTL 5/5 3/5 4/5 1/5 1/5
P value – 0.444 1.000 1.000 0.524
Liver HH-Tm 14/50 12/50 0/50 0/50 0/50
Tm-CTL 7/50 0/50 0/50 0/50 0/50
P value 0.140 0.0002 – – –
Spleen HH-Tm 23/50 13/50 0/50 3/50 1/50
Tm-CTL 6/50 0/50 2/50 0/50 0/50
P value 0.0003 0.0001 0.495 0.242 1.000
Kidney HH-Tm 28/50 10/50 0/50 0/50 0/50
Tm-CTL 10/50 0/50 0/50 0/50 1/50
P value 0.0004 0.0018 – – 1.000
–: in this situation, w2 analysis is impossible.
HH mice were inoculated into the footpad with Trichophyton mentagro-
phytes (HH-Tm group). Free-HH mice inoculated with T. mentagrophytes
(Tm-CTL) were used as a control group. The mice were evaluated in the
period between 6 h and 30 days after fungal inoculation. Values are
reported as the frequency of T. mentagrophytes-positive fragments/total
number of fragments analyzed (n= 5; Po 0.05; Fisher’s exact test).
Fig. 2. Serum levels of corticosterone from HH, HH-Tm, TM-CTL, and
CTL groups. Values are reported as medians and minimum to maximum
range (n= 25 per group; Po 0.05; Mann–Whitney U-test).
Fig. 3. Microscopic sections of mice thymus (hematoxylin–eosin).
(a) Normal thymus demonstrating a clear cortical–medullary distinction.
(b) HH mice thymus (24 h) showing loss of cortico-medullar definition.
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observed in other metabolic and infectious events (Savino,
2006). These alterations were transitory and restored to
normal despite a persistent decrease in the apoptotic index
and the high levels of corticosterone and/or glycemic serum.
On the other hand, they were associated with a decrease of
DP1 thymocytes and a higher percentage of DP1 cells in the
peripheral blood.
The premature release of cortical thymocytes into the
peripheral circulation was also reported by Cotta-de-Almei-
da et al. (2003) in an infection by Trypanosoma cruzi, and by
other authors under pathogen-free conditions as in mice
submitted to cyclosporine A (Chen-Woan & Goldshneider,
1991), after treatment with estradiol (Martı´n et al., 1995),
and in knockout mice for the corticosterone receptor
(Morale et al., 1995). Herein, the premature escape of
DP1 cells to peripheral blood and the decrease in the
number of apoptotic thymic cells could be explained by the
increased expression and change in the distribution pattern
of Gal-3, a b-galactoside-binding lectin, induced by the HH
condition in the thymus. This lectin, besides protecting cells
in the apoptotic process, decreases the adhesion of thymo-
cytes to thymic epithelial cells, facilitating their escape to
the periphery (Rabinovich et al., 2002). In support of this
premise, we have observed that the normalization of
the pattern of Gal-3 distribution occurs simultaneously
with the recovery of the phenotypic profile of circulating
lymphocytes.
The thymus of HH-mice still showed an increase in the
percentage of CD41CD8 thymocytes and a robust increase
in the percentage of CD4CD81 thymocytes. These results
are striking because CD4CD81 cells are involved in the
induction and progression of diabetes type 1, which has an
autoimmune etiology, different from the process involved in
diabetes induced by alloxan. We could not find similar
reports in the literature that could help us in the discussion
of these data. Nevertheless, as the specificity and diversity of
the antigenic repertory of CD4CD81 thymocytes are barely
unknown (Fuse & Usherwood, 2008), it is possible that the
Fig. 4. Reticulin and Gal-31 cells stain in
sections of the thymus. (a, c, e) Normal
thymus mice. (b, d, f) HH mice (24 h). (a, b)
Hematoxylin–eosin stain. (c) Concentrated
distribution of reticulin fibers stained in the
medulla, especially in large vessels (arrows).
(d) Diffuse distribution of thickening reticulin
fibers in both small and large blood vessels
(arrows). (e) Multifocal distribution of
Gal-31 cells in the medulla. (f) Multifocal
distribution of Gal-31 cells all over the thymus
section. M, medulla; C, cortex; dashed line,
cortical–medullary distinction.
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lysis of pancreatic b-cells by alloxan has stimulated a specific
subpopulation of CD4CD81 thymocytes, resulting in an
increase of this subpopulation. It is also important to
consider that those alterations, as well as the structural ones,
occurred in the presence of high levels of corticosterone. A
possible explanation for these findings is that the thymus
physiology was under neural-endocrine control. Related
studies have shown that the insulin-like growth factors
(IGF-1) exert an expressive effect on the structure and
population of the thymus, even in the presence of high
adrenal activity. Functionally, IGF-1 stimulates the produc-
tion of extracellular matrix by the thymic epithelial cells and
increases their adhesion to thymocytes. Binz et al. (1990)
reported that increasing the corticosterone serum level in
diabetic rats and treating them with IGF-1 led to a signifi-
cant increase in the percentage of CD41CD8 and
CD4CD81 thymocytes without altering the distribution of
CD41CD8 and CD41CD81 mature lymphocytes. Our
results corroborate this evidence and suggest the involve-
ment of the HH condition in this system.
In order to determine whether those alterations could be
involved in the higher susceptibility to infections seen in
diabetic patients, we studied the behavior of T. mentagro-
phytes infection in HH mice. We started with an analysis of
the possible role of the fungus on the thymus. We observed
that this dermatophyte, when inoculated in the footpad,
also induces thymus disorganization and alterations on the
T lymphocytes subsets, as described in other infections. In
the present study, this pattern was associated with the
presence of fungus in the footpad, lymph nodes, and
Fig. 5. Determination of the average number of
apoptotic cells in the thymic environment: (a) HH
group, (b) Tm-CTL group, (c) HH-Tm group.
Values are reported as medians and minimum to
maximum range. aSignificantly different from the
control group; bvs. 6 h, cvs. 24 h (Po 0.05; n= 5;
Kruskal–Wallis test).
Table 2. Kinetics of T lymphocytes subsets in peripheral bloodstream in CTL, HH, Tm-CTL, and HH-Tm groups
Groups
CD41CD8 CD4CD81 CD41CD81
h days h days h Days
24 48 7 14 30 24 48 7 14 30 24 48 7 14 30
CTL 16.3 15.7 21.9 22.2 22.8 13.3 8.4 12.4 13.6 11.4 0.2 0.7 0.7 0.4 1.2
HH 14.4 16.4 26.0 25.0 15.6 9.1 15.4 10.6 15.6 8.36 2.3a 4.2a 1.9 0.3 0.8
Tm-CTL 15.8 30.2 21.4 26.3 15.9 11.3 15.4 12.4 13.1 11.2 2.9a 2.3a 1.4 1.4 0.8
HH-Tm 18.2 3.2a,b,c 8.2a,b,c 12.2a,b,c 11.6a 19.8 13.9 11.2 12.0 9.28 6.9a 6.6a 1.8 1.5 0.7
P value 0.68 0.02 0.22 0.02 0.04 0.68 0.13 0.54 0.62 0.61 0.04 0.03 0.09 0.27 0.62
Po 0.05.
The mice were evaluated at the 24 and 48 h and 7, 14, and 30 days. Values are reported as medians.
aSignificantly different from the CTL group,
bvs. HH,
cvs. Tm-CTL (n= 5; Po 0.05; Kruskal–Wallis test).
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eventually in the spleen, but not in the thymus, indicating
the participation of circulating mediators and/or soluble
antigens in this process.
We further explored the role of synergism of HH and
fungal infection in the thymus alterations. We observed that
in the mice in which the two conditions were associated,
besides the thymus alterations already described, there was a
decrease of CD41CD8 peripheral lymphocytes. This event
was inversely related to the quantity of fungi in the tissues,
i.e., when animals showed a higher fungal load, the percent
of CD41CD8 peripheral lymphocytes was lower. Once the
maintenance of the population of peripheral T lymphocytes
also depends on the peripheral immune system, it is possible
that the expressive fungal load generated by the glucose-rich
environment may have released into the circulation a huge
quantity of inflammatory mediators and fungal antigens,
which, acting on lymphoid organs, led to a decrease in
CD41CD8 peripheral cells. Nevertheless, this result is
interesting because, besides its modulator role (Gupta et al.,
2000), these cells have been described as cytotoxic agents
against spores of T. mentagrophytes and Trichophyton ru-
brum (Waldman et al., 2009). Thus, the decrease in
CD41CD8 lymphocytes would result in the delay or failure
of infection resolution.
In conclusion, our results suggest that both condi-
tions transitorily change the thymus, but only when
both these conditions were present did they trigger
persistent changes that might be responsible for the
higher susceptibility to dermatophytosis. Reports show-
ing similar results were not found in the literature.
Thus, the delineation of the nature of the process des-
cribed here will undoubtedly lead to new insights into the
mechanisms involved in susceptibility to infection in HH
conditions.
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